ABSTRACT: Mobile fishing gear reduces seafloor habitat complexity through the removal of structure-building fauna, e.g. emergent organisms that create pits and burrows, as well as by smoothing of sedimentary bedforms (e.g. sand ripples). In this study, we compared the relative abundance of microhabitat features (the scale at which individual fish associate with seafloor habitat) inside and outside of a large fishery closed area (6917 km 2 ) on Georges Bank. Starting in late 1994, the closed area excluded all bottom tending fishing gear capable of capturing demersal fishes. A total of 32 stations were selected inside and outside of the closed area in sand habitats. Video and still photographic transects were conducted at each station using the Seabed Observation and Sampling System (SEABOSS). Seven common (i.e. featureless sand, rippled sand, sand with emergent fauna, bare gravelly sand, gravelly sand with attached-erect fauna, whole shell, shell fragment) and 2 rare (sponges, biogenic depressions) microhabitat types were compared separately. Results showed significant differences in the relative abundance of the shell fragment and sponge microhabitat types between fished and unfished areas. The lack of differences for the other microhabitats may indicate that the level of fishing activity in the area is matched by the system's ability to recover.
INTRODUCTION
Fishing has been described as the dominant direct anthropogenic impact to marine ecosystems worldwide (Dayton et al. 1995) . One significant type of impact is the effect of mobile bottom-contact fishing gear (e.g. scallop dredges, bottom trawls) on seafloor habitat and associated taxa (Jennings & Kaiser 1998 , Auster & Langton 1999 , Hall 1999 , Collie et al. 2000 , National Research Council 2002 . Mobile fishing gear reduces seafloor habitat complexity through the removal of attached and emergent fauna that provide structure (e.g. erect sponges and burrowing anemones), the removal of structure-building megafauna that produce pits and burrows (e.g. crabs, fish) and the smoothing of bedforms (e.g. sand waves) (Auster et al. 1996) .
Small-scale variation in the distribution and abundance of demersal fishes can be attributed in part to habitat attributes (i.e. structural complexity, prey type and abundance) on the seafloor (Langton et al. 1995) . The reduction in seafloor habitat complexity has been shown to increase the mortality of early demersalphase juvenile fish, such as Atlantic cod Gadus morhua, that utilize the structure provided by emergent fauna and physical substrata for protection from predation (Lindholm et al. 1999) . Modeling studies have demonstrated that such habitat-mediated mortality of juvenile fish can have significant population-level effects (Lindholm et al. 1998 (Lindholm et al. , 2001 . The distribution of demersal fishes has been correlated with a variety of structural habitat features from piled boulder reefs to highdensity patches of amphipod tubes (Auster et al. 1997 (Auster et al. , 2003 . The use of no-take marine protected areas has been suggested as a way to conserve the attributes of ecosystems that can sustain exploited fish populations (Auster & Shackell 2000 , National Research Council 2001 .
Georges Bank (northwest Atlantic) is a topographic high located along the shelf-slope boundary between the Gulf of Maine to the north and the Atlantic Ocean (see Fig. 1 ). The bank has supported high levels of fishing activity for demersal fishes such as Atlantic cod, haddock Melanogrammus aeglefinus, and yellowtail flounder Limanda ferruginea for more than 500 yr (Lear 1998) . Mobile bottom-contact fishing gear, specifically, has been used to exploit fish populations on Georges Bank for 92 yr (Lear 1998) . Although not designated specifically for habitat protection, the large closure on eastern Georges Bank called Closed Area II (6917 km 2 ) provided the opportunity to compare the relative abundance of sand microhabitats (the scale at which individual fish associate with seafloor habitat) in an area closed to fishing with adjacent fished areas.
MATERIALS AND METHODS
A cruise was conducted in June 1999 to assess the status of seafloor microhabitats in the southern part of Closed Area II approximately 4.5 yr after closure (see Fig. 1 inset; south of 41°30' N where seafloor habitats are primarily sand). A total of 32 stations (50 to 100 m water depth) were located inside and outside of the closed area (see Fig. 1 ). All unfished stations were located a minimum of 5.6 km inside the closed area to minimize the possibility that any fishing activity impacted those sites.
A single combined video and still photographic transect was conducted at each station using the Seabed Observation and Sampling System (SEABOSS; Blackwood & Parolski 2001) . The system has 2 video cameras (forward and down-looking), a down-looking 35 mm camera, and 3 down-looking lasers for image calibration and estimating height off the bottom. Quartz halogen lights provided illumination for the video, and an electronic flash unit provided lighting for still photographs. The system was tethered to the suport vessel with an electro-mechanical cable for streaming video imagery and controlling camera functions and altitude in real time, and drifted over each station.
Each transect consisted of 20 min of continuous video recorded on Hi-8 format videotape and 20 still photographs. Still photographs were taken at approximately 1 min intervals throughout each transect to assess the relative abundance of 'common' microhabitat types (i.e. featureless sand, rippled sand, sand with emergent fauna, bare gravelly sand, gravelly sand with attached-erect fauna, whole shell, shell fragment). Additional photographs were taken to document habitat features and organisms and were not used for quantitative analyses. Down-looking video was quantified for computing the relative abundance of 'rare' habitat types (i.e. sponges, biogenic depressions). Note that the term rare is used in the numerical sense based on under-representation in the photographs rather than in a population sense. Paired parallel lasers (20 cm spacing) and a third crossing laser were used to indicate a consistent height for taking still photographs (to maintain constancy in area of coverage for each image) and for maintaining altitude for video transects. Still photographs were taken from a height of approximately 0.75 m off the seafloor and covered an area of approximately 0.39 m 2 . Data on the percent relative abundance of 7 common microhabitats were derived from images using a classification system based on abiotic and biotic seafloor features that fishes have been shown to use for cover , Auster 1998 . Data were produced from the still photographs using a series of 20 randomly distributed dots overlaid on each photograph. The microhabitat feature under each dot was counted and apportioned to a particular habitat type. New random patterns were used in a transect for each photograph. The percent relative abundance of a given microhabitat was calculated as the number of each habitat type divided by the total number of occurrence for all microhabitats for that transect.
Imagery from the down-looking video camera was used to characterize the relative abundance of rare microhabitats (i.e. emergent sponges and biogenic depressions created by scallops, fish and crabs). These 2 microhabitat types were not well represented by the still photographs (less than 0.01% of all observations) and were subsequently removed from the analysis of still photographs. However, both sponges and depressions were obviously present from qualitative viewing of the video. Each video transect was treated as a series of non-overlapping video frames (sensu Auster et al. 1991) . The size of a down-looking video frame at a height of 0.75 m from the seafloor was 1.14 m 2 . The relative abundances for sponges and depressions were calculated based on the number of video frames in which the microhabitat type occurred divided by the transect distance in meters (i.e. frames m -1 ). Statistical assumptions that underlie parametric analyses were tested using the Ryan-Joiner test of normality. All data were arcsine transformed to insure normality. Separate analyses were conducted with data derived from still and video imagery. Linear regression was used to explore the relationship between microhabitats and water depth. A 2-way ANOVA was conducted to identify any effect of Closed Area II, water depth, and the closure-depth interaction, on the relative abundance of common and rare microhabitats.
RESULTS
Analysis of the common microhabitats from still photographs (Table 1) indicated that the stations included in this study, both inside and outside of Closed Area II, were dominated by sand with emergent fauna, with mean percent relative abundance of 47.18 and 38.21%, respectively. This microhabitat type consisted largely of tubes emerging approximately 2 cm above the sediment-water interface, created by tube-forming amphipods and worms. Featureless sand was the next most abundant microhabitat for each treatment, with 33.28% mean relative abundance inside the closed area and 34.73% mean relative abundance outside. The shell fragment microhabitat, with 14.68% inside and 11.90% outside, was the third most abundant, with the remaining 4 microhabitats each present in less than 3% of the observations. Analysis of video records (Table 2) ) the closed area, than were sponges (less than 2 video frames m -1 both inside and outside).
The northwest portion of the study area ( Fig. 1 ) was located at depths shallower than 60 m water depth. At this depth, the bottom was characterized as mobile sand, where tidal and stormdriven currents regularly impact the bottom. Not surprisingly, the rippled sand microhabitat (r 2 = 0.272, p = 0.002) appeared to be more abundant at depths shallower than the 60 m isobath. The remainder of the study area was at greater than 60 m water depth, and was characterized by immobile, or stable sands, below the common depth of storm-generated turbulence and current (Valentine unpubl. obs.) . Both the featureless sand microhabitat (r 2 = 0.562, p = 0.000) and the sand with emergent fauna microhabitat appeared to be more abundant in this less-disturbed environment (r 2 = 0.578, p = 0.000). Regressions for 3 of the 7 common microhabitat types ( Fig. 2A ,B,C) were highly significant (α = 0.05), indicating that water depth was an important factor in the abundance of those microhabitats. Re- 
sults for the other 4 common microhabitats ( Fig. 2D-G) , and the 2 rare microhabitats (Fig. 3) , were not significant with respect to water depth. Results of the 2-way ANOVA for the common microhabitats from the still photographs are provided in Table 3 . Six of the 7 microhabitats showed no effect of the closed area on mean percent relative abundance. The effect of depth on mean percent relative abundance of 3 of these microhabitats (featureless sand, rippled sand and sand with emergent fauna) was highly significant, confirming the results of the regression analysis. Only the shell fragment microhabitat (Fig. 4A) showed a significant difference due to closure (p = 0.0003), with no effect due to water depth (p = 0.925). None of the closure-depth interaction terms were significant.
Analysis of the sponge and biogenic depression microhabitats (Table 4) derived from the video data indicated that sponges (Fig. 4B) were marginally more abundant (where marginally significance = p value > 0.05 and < 0.10) both inside the closed area (p = 0.073) and in deeper water (p = 0.059). No differences in the abundance of biogenic depressions were attributed to the closed area, though both the depth (p = 0.013) and closure-depth interaction (p = 0.019) terms were significant. 
DISCUSSION
This study demonstrated that there were measurable differences in microhabitat resources between fished and unfished sites on Georges Bank after 4.5 yr of closure, and that depth is an important factor in the abundance of microhabitats in predominantly sandy landscapes. Sponge microhabitats, numerically rare based on our sampling methods, were more abundant inside Closed Area II, as were shell fragment microhabitats. However, no differences were detected due to the closed area for the other 6 common microhabitat categories and biogenic depressions. The lack of measurable effects, despite significant fishing outside the closed area, is attributed to the dynamic physical environment and the life histories of structure forming fauna that are adapted to such conditions. The majority of the significant and nonsignificant results in the distributions of microhabitat resources are consistent with previous studies of fishing-mediated disturbance. With sedimentary structures such as rippled sand and featureless sand, the observed lack of difference due to the closed area, as well as the significant difference due to depth, could be predicted from models of active sediment transport where tidal and storm induced currents re-sort sands and restore structural elements to sand landscapes during short time periods (DeAlteris et al. 1999) . Similar results would be expected for sand with emergent fauna, where tube forming amphipods and other emergent fauna would not be expected to settle in such a disturbed environment. The nonsignificant differences in cover provided by sand with emergent fauna, inside and outside of the closed area, can be attributed to immigration into disturbed patches or widespread recruitment events (Michael 1987 , Auster & Langton 1999 . The significant differences observed for sponge microhabitat are consistent with studies that found recovery rates of such taxa are low due to aperiodic were more abundant in unfished areas when compared to areas that were subject to disturbance by trawling (McConnaughey et al. 2000) . Suberites ficus attach to or settle on small fragments of shell and can extend up to 35 cm in length and 10 cm in width (Weiss 1995) . Either fully erect, or lying on their side, these sponges have been observed to provide cover for fish and crustaceans (Auster et al. 1991) . They are vulnerable to mobile fishing gear and, if present, are common components of trawl and scallop dredge catches. They generally are discarded overboard but their rates of mortality are unknown. The presence of shell fragments can be a consequence of fishing with mobile gear through direct breakage of live bivalves, post impact predation of damaged animals, or direct breakage of individual valves (Meyer et al. 1981 , Shepard & Auster 1991 . However, shell fragments can also be the result of predation, principally by crustaceans and skates (McEachran et al. 1976 , Boulding 1984 , Bowman et al. 2000 . The higher abundance of shell fragments (primarily Arctica islandica) inside the closed area (Fig. 4A) is not consistent with what we would expect to occur following 4.5 yr of closure if fishing were the mediating factor. While the mean percent relative abundance for each treatment (14.68% inside and 11.9% outside) is statistically significant, the overall difference in cover is low. No data were available on the status of megafaunal crustacean numbers (e.g. crabs and lobsters) inside and outside the closed area. However, abundance and biomass of all skate species was greater outside the closed area (Link et al. in press) , suggesting that inferences about spatial patterns of predation from elasmobranches will not explain the observed patterns of shell fragments either.
The timing, severity and frequency of fishing gear impacts all interact to mediate processes that lead to recovery (Watling & Norse 1998 , Auster & Langton 1999 . The lack of significant differences in the relative abundance of most of the common microhabitat resources inside and outside of Closed Area II may be interpreted as a consequence of the level of fishing effort matching the ability of the ecosystem to accommodate human-caused disturbances over short time periods. At the time of this study, approximately 250 vessels (89% scallop dredges and 10% otter trawls) targeted scallops year round on the US side of the US-Canadian boundary on Georges Bank and in the Mid-Atlantic Bight (NMFS 2002) . Scallop fishing effort on the US side of eastern Georges Bank, as determined by vessel monitoring systems on board each vessel, was concentrated in the areas immediately adjacent to the south and west of the closed area in the 2 yr (1998 and 1999) prior to our sampling (NMFS 2002) . This effort was distributed across fished sites in both mobile and immobile sand habitats.
It is possible that mobile sand habitats that experience varying degrees of sand movement naturally are able to recover from the impact of bottom fishing gear in a relatively short period of time, perhaps less than a year. For example, Fig. 5 shows the contrast in habitat structure between an impacted and an adjacent reference area immediately after a single pass of a scallop dredge in immobile sand habitat south of Closed Area II. However, we did not observe such contrasting effects at any of the pre-selected stations adjacent to the closed area. (The images were produced during ad hoc observations within 6 h after a scallop vessel was observed actively fishing.) Lack of such contrasts from the majority of the stations inside and outside the closed area, despite large amounts of fishing effort, further demonstrates that recovery of common microhabitat features occurs rapidly.
Understanding of the role of microhabitat resources in sand landscapes for enhancing survivorship of cold temperate and boreal outer continental shelf fishes comes from studies focused on a few species. Laboratory studies found Atlantic cod and American plaice Pleuronectes platessa gained significant energetic savings by sheltering from flow in sand ripples (Gerstner 1998 , Gerstner & Webb 1998 . Field observations of silver hake Merluccius bilinearis in sand-wave habitats showed a positive relationship between the increasing size class and the sand-wave period (Auster et al. 2003) . The distribution of young-of-the-year silver hake has also been positively correlated with highdensity patches of amphipod tubes (Auster et al. 1997) . The color pattern of the fish suggested that amphipod tube patches may serve as cover as well as a source of prey. However, the population consequences of differences in predator success, prey capture and energetic savings for fishes utilizing the range of microhabitat resources as we described here, are unknown.
Natural disturbance, in the form of diurnal tidal currents and seasonal storm-driven currents, is a significant influence on the relatively shallow sandy habitats of the study area. The northwest part of the Closed Area II study area (Fig. 1) is shallower and experiences stronger bottom currents than the southeastern part of the area. In the northwest at less than 60 m water depth (mobile sand), the strongest monthly mean flows of near-bottom semidiurnal tidal currents reach speeds of 59 cm s -1 (Moody et al. 1994) . Such current velocities have been observed to generate shifts in sand wave structure and distributions of shell fragments. Maximum tidal flows and storm wave currents in the closed area can be much stronger at this depth and explain the presence of crested sand structures (i.e. rippled sand and sand waves) that modify sand habitats. In contrast, in the southeast of the study area (immobile sand), at greater than 60 m water depth, maximum tidal flows reach speeds of less than 29 cm s -1 (Moody et al. 1994) . Here the influence of tidal and less frequent storm-driven currents normally exert a much smaller influence on the microtopographic features of the seafloor, allowing longer lived structure-forming taxa such as sponges and other species of emergent fauna to persist in relatively higher numbers.
When considering habitat protection, grain size of sediments and oceanographic features may be used to make coarse predictions regarding the link between fishing effort and habitat attributes. For example, invertebrate communities in gravel habitats on the northeast peak of Georges Bank are sensitive to fishing gear disturbance, and have recovery times measured on the scale of a decade or more (Lough et al. 1989 , Collie et al. 1997 . In contrast, sand wave habitats contain a variety of features that most likely recover rapidly where oceanographic features like current patterns reshape sediment morphology and faunal life histories are adapted to high disturbance regimes (Auster & Langton 1999 , Collie et al. 2000 . A greater level of understanding of how marine communities respond to both human caused and natural disturbance regimes will be the only path to linking fishing disturbance with the resiliency of natural systems. 
